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Spectrum estimation from transmission
measurements of Inverse Compton Scattering
gamma rays based on a modified Expectation

Maximization method
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Abstract

The energy spectrum estimation of an inverse Compton scattering (ICS) source is not only a key indicator
for assessing whether the system is operating normally, but also serves as the foundation for further appli-
cation studies. Spectrum estimation from transmission measurements using the expectation maximization
(EM) method has been widely applied for X-ray spectra or Bremsstrahlung spectra. However, for quasi-
monochromatic gamma ray spectra of ICS sources, the low rate of change in the attenuation coefficients
of materials causes the traditional EM method to converge too slowly, making it ineffective for spectrum re-
construction. We proposed a modified EM method that significantly accelerated the convergence rate. The
energy spectra of an ICS gamma ray source were obtained using Monte Carlo simulations. Numerical simula-
tions were carried out to test the feasibility of estimating quasi-monochromatic spectra with mean energies
of 530 keV (energy spread of 1.1%), and 2853 keV (energy spread of 1.28%) under various measurement er-
ror conditions. The results demonstrated that the modified EM method can provide better approximations
of quasi-monochromatic gamma ray spectra with fewer iterations than the traditional EM method, but the
transmission measurement accuracy were required to reach 10"(-4), and 10”(-5) respectively.
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